ABSTR AC T
Background and study aims Double endoscopic bypass entails EUS-guided gastroenterostomy (EUS-GE) and EUSguided biliary drainage (EUS-BD) in patients who present with gastric outlet and biliary obstruction. We report a multicenter experience with double endoscopic bypass.
Patients and methods Retrospective, multicenter series involving 3 US centers. Patients who underwent double endoscopic bypass for malignant gastric and biliary obstruction from 1/2015 to 12/2016 were included. Primary outcome was clinical success defined as tolerance of oral intake and resolution of cholestasis. Secondary outcomes included technical success, re-interventions and adverse events (AE).
Results Seven patients with pancreatic head cancer (57.1 % females; mean age 64.6 ± 12.5 years) underwent double endoscopic bypass. Four patients had EUS-GE and EUS-BD performed during the same session with a mean procedure time of 70 ± 20.4 minutes. EUS-GE and EUS-BD were technically successful in all patients, all of whom were able to tolerate oral intake with resolution of cholestasis in 6 (87.5 %). One patient had a repeat EUS-BD with normalization of bilirubin. There were no adverse events.
Conclusions Double endoscopic bypass is feasible and effective when performed by experienced operators. Studies comparing this novel concept to existing techniques are warranted. colleagues when they reported double endoscopic bypass in a 70-year-old female with unresectable head-of-pancreas cancer with distal biliary obstruction and GOO [8] . Herein we report a multicenter series with performance of double endoscopic bypass in patients with malignant gastric outlet obstruction and biliary obstruction.
Patients and methods
This was a multicenter, retrospective case series from January 2015 to December 2016 at 3 US tertiary centers. Inclusion criteria were patients with primary or metastatic malignancies involving the gastrointestinal tract who had symptomatic gastric outlet obstruction confirmed on endoscopy, and who underwent EUS-GE. Only patients who previously, concomitantly or subsequently presented with malignant biliary obstruction and underwent EUS-BD were included. Therefore, the study cohort included consecutive patients who underwent double endoscopic bypass for malignant GOO and biliary obstruction. Institutional Review Board for retrospective studies involving EUS-GE and EUS-BD was obtained in each institution.
Outcomes and definitions
The primary outcome was rate of clinical success defined as 1) the ability to tolerate oral intake (at least soft solids) without vomiting and 2) resolution of cholestasis. Food intake was measured by the standardized GOO Scoring System (GOOSS) score: 0 = no oral intake, 1 = liquids only, 2 = soft solids, 3 = almost complete diet, and 4 = full diet [9] . Secondary outcomes included technical success defined as adequate positioning and deployment of the stents as determined endoscopically and radiographically; re-intervention (endoscopic, radiologic or surgical) either for recurrent or persistent symptoms of GOO or biliary obstruction; procedure related adverse events (AEs) defined as any adverse event within 30 days of the procedure deemed to be secondary to the index endoscopic procedure; severity of AEs as grade per the ASGE lexicon [10] .
EUS-GE technique
All patients received intravenous antibiotics immediately prior the procedure and general anesthesia with endotracheal intubation. EUS-GE was performed using the direct access technique or balloon-assisted approach as previously described [4, 5, 11] . Briefly, the direct access approach entails initial filling of the proximal small bowel with fluid (saline, contrast, and/or methylene blue), followed by direct puncture of a small bowel loop adjacent to the gastric wall using cautery-tip LAMS) (▶ Fig. 1, ▶ Video 1) . The balloon-assisted technique starts with the insertion of a guidewire across the obstruction deep into the small bowel. A stone retrieval or dilating balloon is then advanced over the wire across the obstruction. Following inflation of the balloon with contrast fluid, EUS-guided puncture of the balloon is performed transgastrically with a 19-gauge needle. Bursting of the balloon confirms the correct location of the puncture within the small bowel. A guidewire is then advanced into the balloon serving as a tract for GE tract dilation and LAMS insertion (▶ Fig. 2 ).
EUS-BD technique
EUS-BD was performed as previously described [7, 12] . EUS-CDS was performed preferentially whenever feasible. EUS-CDS is not possible when there is significant tumor burden in the duodenal bulb. In these cases, EUS-HGS was performed. EUSguided gallbladder drainage (EUS-GBD) was performed as the EUS-BD technique of choice when the above alternative techniques were not possible or failed (▶ Fig. 3 , ▶ Video 1).
Results
During the study period, 7 patients underwent double endoscopic bypass for malignant GOO and biliary obstruction (▶ Table 1). The mean age of patients was 64.6 ± 12.5 years and 4 (57.1 %) were females. All patients had pancreatic cancer. Site of luminal obstruction was in proximal duodenum in all patients. In all cases, patients presented simultaneously with both GOO and biliary obstruction. The mean pre-procedural bilirubin was 7.7 ± 5.1 mg/dL and mean alkaline phosphatase was 319 ± 150.4 U/l. Out of the seven patients, only one had a previous ERCP with CBD SEMS placement 95 days prior to the GOO and biliary obstruction. Double endoscopic bypass, with both EUS-GE and EUS-BD performed during same endoscopy session, was carried in 4 patients. In the remaining 3 patients, EUS-GE and EUS-BD were done in separate sessions at the discretion of the endoscopist, with a mean of 3.3 ± 2.5 days between the two procedures. The mean procedure time was 70 ± 20.4 minutes in those cases where the EUS-GE and EUS-BD were done simultaneously.
EUS-GE was successful (technical success) in all 7 (100 %) patients. Direct access technique was used in 5 patients, while the balloon-assisted technique was used in the remaining 2 patients. All patients underwent placement of the 15-mm LAMS (non-cautery enhanced in 2 and cautery enhanced in 5; Axios stent, Boston Scientific, Natick, MA). There were no AEs. Clinical success was achieved in 7 (100 %) patients. A total of 3 patients tolerated soft solids and 4 full diet. Recurrent GOO did not occur in any of the 7 patients during a median follow-up period of 106 days [IQR: 66 -235] (▶ Table 2 ).
EUS-BD was successful (technical success) in all (100 %) patients. The most common EUS-BD technique used was EUS-GBD in 4 (57.1 %) patients, followed by EUS-CDS in 2 (28.6 %) and EUS-HGS in 1(14.3 %). Reasons for EUS-GBD as the technique of choice for biliary drainage were unsafe window to perform the CDS or HGS in 2 patients, due to artery interposition between the transducer and the CBD; previous metallic stent in the CBD that precluded EUS-CDS and non-intrahepatic duct dilation precluding EUS-HGS in 1 patient, and multiple liver metastasis in 1 patient, for which EUS-HGS was not possible and CBD was non-dilated. Most patients (n = 4, 42.9 %) underwent placement of the 10-mm LAMS (non-cautery enhanced in 1 and cautery enhanced in 3; Axios stent, Boston Scientific) followed by 2 patients who had the 15-mm LAMS (cautery enhanced; Axios stent, Boston Scientific). One patient had place-ment of a 10-mm fully-covered self-expandable metallic biliary stent (FCSEMS) (Wallflex, Boston Scientific). There were no AE. One patient had intra-procedural bleeding during dilation of the LAMS. This was successfully treated with balloon tamponade for 20 minutes. Clinical success was initially achieved in 6 (85.7 %) patients with a mean post-procedural bilirubin of 1.9 ± 1.6 mg/dl and mean alkaline phosphatase of 286.7 ± 286.7 U/l. Cholestasis did not resolve in one patient after EUS-GBD and 4 days after the index procedure had an EGD with a cholangiogram through the cholecystogastrostomy that showed cystic duct obstruction. An EUS-HGS was then performed with placement of a 10 mm × 80 mm FCSEMS (Wallflex, Boston Scientific). Clinical success with normalization of bilirubin was then achieved. Another patient developed fever 3 days after the EUS-CDS in which a 10 × 10 mm LAMS was placed. The LAMS was not patent due to collapse of the previously dilated bile duct. A 10 × 40 mm FCSEMS was placed across the LAMS with resolution of fever and cholestasis. Recurrent biliary obstruction did not occur in any of the patients during a median follow-up period of 106 days [IQR: 67 -229] (▶ Table 3 ). Video 1 A 70-year-old patient with malignant GOO and biliary obstruction secondary to pancreatic head adenocarcinoma. Double endoscopic bypass with EUS-guided GJ using the direct technique and EUS-GBD performed during the same session.
Discussion
Enteral stenting is most frequently employed in patients with malignant GOO. Although the procedure is technically successful in the majority of patients, its main shortcoming is recurrent stent obstruction which occurs in a significant proportion of patients who survive longer than 2 to 3 months [13] . The advantage of EUS-GE is its establishment of bypass anastomosis away from the tumor site without risk of tumor ingrowth or overgrowth, which theoretically decreases the risk of recurrent stent obstruction and GOO. One study compared outcomes of EUS-GE and enteral stenting in 30 and 52 patients, respectively. [11] Technical success (86.7 % vs 94.2 %, P = 0.2) and clinical success (83.3 % vs 67.3 %, P = 0.12), respectively, were similar between both groups Symptom recurrence and need for re-intervention, however, was significantly lower in the EUS-GE group (4.0 vs. 28.6 %, P = 0.015) [11] .
EUS-BD is an established procedure at centers with expertise in interventional EUS. Multiple studies comparing EUS-BD to percutaneous biliary drainage showed equivalency of both procedures in terms of clinical success [14] . However, EUS-BD is associated with decreased need for reintervention and possibly better quality of life [14] . EUS-CDS or EUS-HGS are the 2 major types of transmural drainage. When EUS-CDS and HGS are compared, EUS-CDS is prone to duodenobiliary reflux, therefore EUS-HGS is preferred in patients with GOO, especially when the duodenal obstruction is at the level of or distal to the papilla [15] . EUS-GBD was recently reported to be useful for acute cholecystitis. Also, a case series reported the feasibility of EUS-GBD for malignant obstructive jaundice when ERCP was unsuccessful or not feasible and EUS-BD was difficult to perform with a technical success, functional success, adverse events, and stent dysfunction of 100 %, 91.7 %, 16.7 %, and 8.3 %, respectively [16] .
The concept of double endoscopic bypass was previously described with one case of malignant GOO and biliary obstruction [8] . The current study describes this novel concept. A total of 7 patients underwent successful double bypass, 4 of whom had both procedures done in the same session with 100 % technical and clinical success and ability to tolerate oral intake along with resolution of cholestasis. Although the EUS-BD performed in most patients was a cholecystogastrostomy, which is not the first option, it was performed safely with high clinical success. The decision to perform EUS-GBD was made given that the other 2 approaches were not possible at the moment of the index procedure. Double endoscopic bypass is an appealing procedure for multiple reasons. First, both EUS-GE and EUS-BD can ▶ Fig. 2 EUS-GJ using the balloon-assisted technique in a 74-year-old patient with malignant GOO and biliary obstruction secondary to pancreatic head adenocarcinoma causing duodenal obstruction. A single-balloon enteroscope is advanced into the second duodenum and the stricture is traversed. The small bowel lumen is filled with contrast and normal saline. A 0.035-inch guidewire is advanced into the small bowel and the enteroscope is removed. A 20 mm dilating balloon is advanced over the wire to the small bowel distal to the obstruction and was inflated with contrast. a Fluoroscopic visualization of the inflated balloon in the small bowel and the EUS scope in the stomach. b EUS view of a 19-gauge FNA needle in the small bowel loop while puncturing the CRE balloon. c Fluoroscopic view of the FNA needle within the small bowel after deflation of the punctured balloon. d The cautery enhanced 15 x 10 mm LAMS with the distal flange deployed in the small bowel. e After the proximal flange is deployed a 15-mm balloon is advanced and the LAMS dilated. f Fluoroscopic view of the inflated balloon inside the LAMS.
be performed during the same procedure by the same endoscopist. Second, as mentioned previously, bypass stenting carries the potential advantage of longer luminal patency. Double bypass confers this advantage for both luminal patency and biliary patency as food and bile are diverted away from site of obstruction.
▶ Fig. 3 EUS-GBD in a 70-year-old patient with malignant GOO and biliary obstruction secondary to pancreatic head adenocarcinoma. The linear echoendoscope is advanced into proximal duodenum. a The CBD was identified but choledochoduodenostomy was not possible due to interposed vessels. b EUS view of the gallbladder punctured with a 19-gauge FNA needle. c Distal flange of the LAMS deployed within the gallbladder. d Endoscopic view of the fully deployed cautery-enhanced LAMS with successful bile drainage. 
▶

Conclusion
This is a small case series from tertiary centers and therefore results cannot be generalized. Prospective comparative studies are needed to establish the superiority of double endoscopic bypass over standard techniques (i. e. duodenal stenting and ERCP). It is crucial to mention that ERCP is technically challenging in patients with existing duodenal stents and fails in twothirds of patients, even in experienced hands [2] . Recent availability of LAMS has rendered EUS-GE feasible. Future availability of larger LAMS (e. g. 20 mm in diameter) is expected to improve palliation of GOO symptoms. In addition, future availability of biliary LAMS (6 mm and 8 mm in diameter) in the United States is also expected to render EUS-BD simpler, and possibly safer.
In conclusion, double endoscopic bypass appears to be feasible and effective when performed by experienced operators.
Studies comparing this novel concept to existing techniques are warranted. Further refinement in stent technology is expected to render the procedure more efficient and safer.
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